Summary A number of Eucalyptus species exhibit precocious flowering, flowering within a year of germination and often while still exhibiting juvenile foliage. To understand the nature of precocious flowering in Eucalyptus occidentalis, partial homologues of the inflorescence meristem identity gene TERMINAL FLOWER1 and of the floral meristem identity genes LEAFY and APETALA1 (EOTFL1, EOLFY and EOAP1, respectively) were isolated and characterized. The expression patterns of these meristem identity genes during the development of branched and single-stem plants were analysed by quantitative reverse transcriptase PCR. All E. occidentalis plants commenced flowering within 40 weeks of germination. However, the branched plants reached maximum flowering some 5-6 weeks earlier than did single-stem plants. Levels of EOTFL1 and EOLFY expression varied little during the study period irrespective of architecture treatment, whereas expression of EOAP1 reached a peak coincident with peak flowering in both branched and single-stem plants. AP1 is clearly an expression marker for flowering in this species.
Introduction
Many woody species exhibit a prolonged developmental period, usually referred to as the juvenile phase, during which they do not flower under environmentally favourable conditions. This extended non-flowering period is a problematic issue for the selection and breeding of species of importance to forestry and horticulture. Numerous methods have been used to hasten the onset of flowering. These range from altering plant architecture, such as by reducing plants to a single stem (Snowball et al. 1994 , Clemens et al. 1999 , to molecular techniques including gene transformation, either the over-or under-expression of floral meristem identity genes. Over-expression of the Arabidopsis APETALA1 (AP1) homologue in transgenic Citrus trees hastened flowering (Pena et al. 2001) , as did over-expression of LEAFY (LFY) in Populus species Nilsson 1995, Rottmann et al. 2000) . In transformed Arabidopsis plants, overexpression of apple TERMINAL FLOWER1 (TFL1) (MdTFL1) delayed flowering relative to WT controls (Kotoda and Wada 2005) . In contrast, flowering in apples was hastened by antisense expression of MdTFL1 (Kotoda et al. 2003 (Kotoda et al. , 2006 . Notably, TFL1 is referred to as a floral repressor gene.
While there is a range of papers reporting the expression of floral meristem identity genes during flower development (e.g., see references cited in Song et al. 2008) , there has been limited research on the expression of key inflorescence meristem and floral meristem identity genes in woody species during the transition to flowering. Kotoda and Wada (2005) suggested that the induction of flowering in apple depended on the relative expression of MdTFL1 and APPLE FLORI-CAULA/LFY (AFL1), and also that high expression levels of MdTFL1 were involved in maintaining the vegetative phase in apple. Furthermore, using real-time PCR, Hättasch et al. (2008) suggested that MdTFL1-1 and MdTFL1-2 expression was associated with an inhibition of precocious flowering. Pillitteri et al. (2004) monitored the expression of the LFY, AP1 and TFL1 homologues in Citrus and demonstrated that the accumulation of the CsTFL transcript was positively correlated with juvenility, whereas CsLFY and CsAP1 were negatively correlated. More recently, Esumi et al. (2007) showed that the expression levels of TFL1 homologues in Japanese pear and in quince were high during the vegetative phase but de-creased during the vegetative to reproductive transition. Additionally, Igasaki et al. (2008) showed that PnTFL1 from Lombardy poplar was expressed at higher levels in vegetative buds compared to buds from fruit-bearing shoots during the period when floral initiation was occurring.
We selected Eucalyptus occidentalis as our model species as it exhibits both neoteny (the retention of juvenile characteristics into the reproductively mature plant) (Wiltshire et al. 1998) and precocious flowering (Bolotin 1975) . Because of significant genetic diversity between natural populations (Elliott and Byrne 2003) , this species has already been identified as a useful model for plant-breeding purposes (Southerton 2007) .
Our previous work showed that the extent of vegetative phase change from juvenile to adult leaf morphology, anatomy and associated gas exchange characteristics in E. occidentalis plants can be manipulated by modifying plant architecture. For example, branched plants underwent vegetative phase change at more proximal nodes, yet commenced flowering synchronously with single-stem plants (Jaya 2007) .
In this paper, we use quantitative reverse transcriptase PCR (qPCR) to determine the expression levels of the TFL1, LFY and AP1 homologues in E. occidentalis before and during the floral transition in axillary buds of architecturally modified plants. In doing this, we anticipate that elevated expression of the AP1 homologue will be indicative of floral commitment, as found in other woody species, e.g., Metrosideros (Sreekantan et al. 2004) , Vitis (Calonje et al. 2004) , Citrus ) and Sophora (Song et al. 2008) . Furthermore, we propose the hypothesis that the relative levels of the TFL1 and LFY homologues will be permissive of precocious flowering.
Materials and methods

Plant material
Seed of E. occidentalis (seed lot no. 13648 from Peak Charles, Western Australia; 35°12′S, 121°10′E) were obtained from the Australian Tree Seed Centre, CSIRO, Australia. Seeds were germinated at room temperature and seedlings were transferred to small pots and, finally, to 10-l pots. The potting medium consisted of a mixture of peat and pumice (80:20 v/v) supplemented with a controlled release fertiliser (4.0 g L −1 of 8-to 9-month release Osmocote Plus, Grace Sierra, Heerlen, The Netherlands). Plants were grown in greenhouses at the Massey University, Palmerston North, New Zealand. The greenhouse was set to vent at 25°C and warmed when the temperature fell below 20°C to give mean day/night temperatures of 27/18°C under ambient conditions of day length. All plants were watered twice daily to container capacity using an automatic irrigation system. When the plants were 300 mm tall, they were randomly assigned to one of two architectural treatments. Half the plants were allowed to branch freely. Axillary buds on the main stem axis of these freely branching plants were not removed except as specified below to harvest buds for molecular analyses. The remaining plants were grown with single-stem architecture by continually removing the axillary buds when they were 1-3 mm long, except as specified below at the nodes used to harvest buds for molecular analyses. 
Nucleic acids extraction
Two RNA extraction methods were used. For initial gene isolation work from Eucalyptus, a modified hot borate method described by Wilkins and Smart (1996) was used. For gene expression studies, the RNeasy plant mini kit (QIAGEN GmbH, Hilden, Germany) was used. Genomic DNA was isolated from leaves of E. occidentalis by adapting the method of McKinnon et al. (1999) . Nucleic acid quality and quantity were measured using a NanoDrop spectrophotometer (NanoDrop Technologies Inc., Wilmington, DE, USA).
Gene isolation and sequence analysis
Partial homologues of the meristem identity genes LEAFY, APETALA1 and TERMINAL FLOWER1 and reference genes (α-TUBULIN, 18S RNA, GAPDH and β-ACTIN) were isolated from either cDNA or genomic DNA of E. occidentalis using reverse transcriptase PCR (RT-PCR) or PCR methods with either degenerate primers or specific primers. Primer sites were chosen within the specific sequence regions of the target gene or sub-family to avoid PCR amplification from other family members of the multi-gene family, such as other MADS gene family members for AP1, and FT, TSF, BFT and MET gene families for TFL1. The primer sequences are given in the supplementary data (Table S1 ). The reverse transcription reactions were performed using the ThermoScript™ RT-PCR system (Invitrogen Corporation, Carlsbad, CA, USA), following the manufacturer's instructions. The PCR amplification of the target gene fragments was carried out using previously described protocols (Song et al. 2008) . The PCR products of expected size were purified using QIAquick® PCR purification kits (QIAGEN), following the manufacturer's instructions. The sequencing was car-ried out in an ABI.3730 DNA Analyzer (Applied Biosystems), using BigDye™ Terminator version 3.1 (Applied Biosystems). The same primers used for PCR, either reverse or forward, were used for sequencing. Each sequence was manually checked and errors corrected using BioEdit (Ibis Biosciences) to improve the quality and reliability. Both cDNA and translated protein sequences were BLAST searched against the GenBank database at the National Centre for Biotechnology Information (http:/www. ncbi.nlm.nih.gov/BLAST). For each meristem identity gene (LFY, AP1 and TFL1), the structure of the isolated gene fragment (exon/intron splice sites) and its relative position in the homologous gene was deduced by comparing its sequence with the cDNA and genomic DNA sequences from closely related species. The confirmed sequences of meristem identity genes obtained in this study were submitted to the GenBank database with accession numbers EU573980, EU573981 and EU573982 for EOLFY, EOTFL1 and EOAP1, respectively.
Phylogenetic analysis was carried out using the PHYLIP v3.68 (Felsenstein 2004 ) software with different programs. Sixteen homologous sequences of each of the three newly isolated gene fragments from E. occidentalis were obtained from GenBank. The homologous sequences comprised phylogenetically diverse as well as related species. Arabidopsis TFL1, FLOWERING LOCUS T (FT) and PISTILLATA (PI) were used as outgroups of LEAFY, TFL1 and AP1 sequences, respectively. The Seqboot program was used to bootstrap the protein sequence data with 1000 replicates. Phylogeny estimate was carried out using the parsimony method (Protpars program) with Multiple data sets and Outgroup Root menu choices. Each consensus tree was obtained using the Consense program. The final rooted phylogenetic tree was generated using the Drawgram program.
Southern analysis
Southern analysis for LFY, AP1 and TFL1 homologues in E. occidentalis was performed based on the method described by Southern (1975) . Genomic DNA (10 μg) was digested with either EcoR1 or BamH1 and separated on a 1% (w/v) agarose gel. DNA bands were blot transferred onto Hybond-N+ nylon membrane (Amersham Biosciences, Piscataway, NJ, USA) and fixed by UV cross-linking.
PCR products generated using LFY-, AP1-or TFL1-specific primers and genomic DNA as template were labelled using the Gene Images random primer labelling kit (Amersham Biosciences). The hybridization was performed overnight with 10 ng/ml labelled probe and high washing stringency (0.5× SSC). The detection was performed using the Gene Images CDP-Star detection module (Amersham Biosciences), following the manufacturer's instructions.
Quantification of meristem identity genes
Quantification of meristem identity genes was carried out using quantitative reverse transcriptase PCR (qPCR) in a LightCycler™ 2.0 instrument (Roche). Specific PCR primers were designed to span an intron and to give a product size <290 bp. The primer sequences are given in the supplementary data (Table S1 ). The FastStart DNA Master SYBR® Green I (Roche) was used for qPCR reactions performed in glass capillaries in 20 μl reaction volume, with 2.0 μl of 10-to 20-fold diluted cDNA template, 3.0 mM MgCl 2 and previously described thermal cycling conditions (Song et al. 2008) .
The relative quantification analysis was performed using LightCycler™ 2.0 software version 4.0 (Sagner and Goldstein 2001) . The ratio of the target gene to a reference gene (e.g., α-TUBULIN) in an unknown sample is compared with the ratio of the same two genes in a standard sample referred to as the calibrator (i.e., vegetative buds in the current experiments). The PCR amplification efficiencies for each of the target and reference genes were determined by generating a standard curve using serially diluted (10-to 100,000-fold) cDNA template and calculated after the method of Pfaffl (2001) .
PCR reactions of the target gene and the reference gene primers from a whole set of cDNA samples were included in the same PCR run so that the same cycling conditions were shared by both target and reference genes. In addition, three calibrator samples for both target and reference genes were included in each PCR run to normalize the results among PCR runs. The calibrator contained typical proportions of the target and reference sequences. A negative (no template) control was also included in each run.
The quantitative expression of EOLFY, EOAP1 and EOTFL1 was analysed in single-stem and branched plants of E. occidentalis for harvests taken at regular intervals in the period 37-52 weeks after seed germination (between mid-summer and autumn). Transcript levels were quantified by qPCR from pooled bud samples. Three technical replicates were run from the pooled samples, with the comparison between buds from single-stem and branched plants providing biological replication. Within 3-4 days of the buds being harvested, these plants were also monitored for the appearance of inflorescence buds at the same nodes from which the opposite buds were sampled for gene expression analyses.
Results
Meristem identity gene isolation and analysis
LEAFY (LFY) Direct sequencing of the PCR products generated using LFY primers revealed 270 and 525 bp fragments from cDNA and genomic DNA, respectively. The identities of these fragments were confirmed by comparing homologue DNA sequences from a range of plant species in the GenBank database. The putative LFY sequence was given the name EOLFY.
The EOLFY protein sequence showed typical characteristics of Arabidopsis LEAFY and Antirrhinum FLORICAULA proteins and displayed the Pfam PFO1698 FLO/LFY protein domain. This protein domain family consists of various plant development proteins that are homologues of FLO/ LFY proteins.
The phylogenetic tree constructed using the isolated EOLFY protein fragment and various LFY-like protein sequences downloaded from GenBank clustered together the Myrtaceae family members (Eucalyptus, Metrosideros and Syzygium) ( Figure 1A) . The multiple alignment of these sequences showed that EOLFY was most similar to LFY-like protein from Eucalyptus globulus, with 100% similarity across the EOLFY fragment; this was followed by LFY-like proteins from Eucalyptus grandis and Metrosideros excelsa (98% similarity), Lycopersicon and Citrus (90% similarity), Vitis, Populus and Petunia (89% similarity) and Arabidopsis (86% similarity). While E. occidentalis and other species in Figure 1 . Rooted phylogenetic trees constructed using techniques described elsewhere in this paper for (A) LEAFY, (B) TFL1 and (C) AP1. Arabidopsis TFL1, FLOWERING LOCUS T (FT) and PISTILLATA (PI) were used as outgroups of LEAFY, TFL1 and AP1 sequences. Sequences isolated in this study are in bold font. Numbers at the nodes indicate the bootstrap values (%) ≥50. Generic and species names as follows: Antirrhinum majus, A. thaliana, Brassica juncea, B. oleracea, C. sinensis, Impatiens balsamina, E. grandis, E. occidentalis, E. globulus, Lolium perenne, Lotus corniculatus, Lycopersicon esculentum, Malus domestica, Medicago truncatula, M. collina, M. excelsa, Nicotiana tabacum, Oryza sativa, Petunia hybrida, Pisum sativum, Populus balsamifera, P. nigra, P. pyrifolia, P. trichocarpa, Syzygium samarangense, Triticum aestivum, V. vinifera, Zea mays.
the Myrtaceae showed highly conserved or identical sequences at the amino acid level, single or double amino acid polymorphisms were observed between Myrtaceae and Arabidopsis thaliana. For instance, the arginine and alanine at positions 328 and 329 in the Arabidopsis LEAFY reference protein (accession no. ABE66271) were substituted by lysine and serine in Eucalyptus. The same was also true for polymorphisms occurring at positions 346, 350, 355 and 370 ( Figure S1 , Supplementary Data).
The possible structure of the EOLFY gene fragment was deduced by alignment with other Eucalyptus LFY sequences (GenBank accession numbers AF034806 and AY 640314) which have similar structure to Arabidopsis LFY, with three exons and two introns. The EOLFY fragment sequence spans intron 2, with 165 bp of exon 2 and the first part of intron 3 (Figure 2A ). TERMINAL FLOWER1 (TFL1) Sequencing of RT-PCR products obtained using TFL1 primers generated a 170-bp putative TFL1 fragment which was named EOTFL1. Conceptual translation of the ORFs of this cDNA sequence yielded a 60-amino-acid sequence, which showed typical characteristics of the gene products of Arabidopsis TFL1 and Antirrhinum CEN homologues, including the Pfam profile PFO 1161, the phosphatidylethanolamine binding domain also known as Raf-1 kinase inhibitor protein (RKIP). Two Myrtaceae genera, Eucalyptus and Metrosideros, clustered together ( Figure 1B ) in the phylogenetic tree constructed using the isolated EOTFL1 protein fragment and other TFL1-like protein sequences in the GenBank database. The highest similarity was observed between EOTFL1 and the TFL1-like protein from Metrosideros collina (100%), followed by that from M. excelsa (98%). Both Myrtaceae genera showed single amino acid polymorphisms at position 107 (lysine versus glutamic acid) and multiple amino acid polymorphisms at positions 125-127 when compared to the Arabidopsis TFL1 reference protein (accession no. NP196004) ( Figure S2 ). The EOTFL1 gene structure was deduced by alignment with both genomic DNA and cDNA sequences of the Arabidopsis TFL1. The EOTFL1 fragment incorporated introns 1 to 3 ( Figure 2B ). APETALA1 (AP1) A PCR product of ∼650 bp was obtained using specific primers and cDNA template from E. occidentalis. After direct sequencing, a verified sequence of 540 bp was obtained. The identity of this sequence was confirmed by comparing with other AP1 homologues in the GenBank database. The putative AP1 sequence was given the name EOAP1. Conceptual translation of the ORFs of this cDNA sequence yielded an amino acid sequence of 179 amino acids. When this sequence was BLAST searched against the GenBank database, it showed characteristics typical of AP1 homologues from other species including the MADSbox and K-box domains. Given the combined data from the phylogenetic tree ( Figure 1C ) and the multiple sequence alignment, EOAP1 showed the highest similarity to the AP1-1-like protein from E. globulus (98%), followed by those from Betula pendula (88%) and Vitis vinifera (87%). A sequence similarity of 81% was observed between EOAP1 Figure 2 . Deduced gene structure of (A) EOLFY, (B) EOTFL1 and (C) EOAP1 fragments based on the reference gene sequences of ELFY1 in E. globulus (AF034806), TFL1 in A. thaliana (NP196004) and AP1 in A. thaliana (AT1G69120), respectively. and E. globulus AP1-2 (originally named EAP2 by Kyozuka et al. 1997) , indicating that the isolated gene was an AP1 homologue rather than an AP1-2 homologue. Furthermore, at positions 42 and 50 of the EAP1 protein sequence (accession no. AAG24909), which is towards the end of the MADS-box domain, the glutamic acid and alanine matched the same positions of the EOAP1 sequence, whereas in the EAP1-2 sequence, an aspartic acid and a threonine were recorded in the corresponding positions. Similarly, in the middle of the K-box region, the amino acids at positions 109 to 112 of the reference EAP1-1 sequence were tyrosine, arginine, histidine and phenylalanine, respectively, which matched the corresponding positions in the EOAP1 sequence, while in the EAP1-2 sequence, the amino acids at these positions were glutamine, lysine, asparagine and leucine, respectively ( Figure S3 ).
The EOAP1 sequence incorporated introns 1 to 7 as deduced by comparing the gene structures of AP1 homologues ( Figure 2C ).
Southern analysis
Southern analysis showed a major band of ∼8 kb and a faint band of >12 kb when the blot was probed with the EOLFY fragment ( Figure S4A ). Three bands (one strong band of ∼7 kb and two weak bands ≥12 kb) were observed when the blot was probed with the EOTFL1 fragment ( Figure S4B ). The EOAP1 probe fragment yielded one single band of ∼4 kb ( Figure S4C ).
Parameter optimization
Before the gene expression study was carried out, several PCR parameters were optimized to increase the amplification efficiency and reliability. Four reference genes, α-TUBULIN, 18S RNA, GAPDH and β-ACTIN, were tested for the relative quantification of mRNA levels based on their reproducibility and uniformity in amplification reactions during RT-PCR with randomly selected bud samples ( Figure S5A ). The α-TUBULIN outperformed the other candidates based on relatively uniform amplification performance across all bud samples ( Figure S5A3 ) and was further tested for its qPCR performance and expression stability as a reference gene. Expression levels of the five selected buds were very stable, with qPCR C T number varying only within two cycles (Figure S5B1) . A single PCR product was verified using both melting point curve analysis ( Figure S5B2 ) and agarose gel separation ( Figure S5B3 ). Consequently, α-TUBULIN was selected as the reference gene.
PCR amplification efficiency values were determined as 1.704, 1.755, 1.999 and 2.120 for EOLFY, EOAP1, EOTFL1 and α-TUBULIN, respectively.
The melting curve analysis revealed a single peak for each gene used in this study ( Figure S6A-C) . Agarose gel electrophoresis for each of these PCR products also yielded a single band of the expected sizes ( Figure S6A1 to C1 ). This indicated that only one PCR product specific to each target or reference gene was produced in the qPCR reactions.
Quantitative expression patterns of meristem identity genes and flowering
While the time required for the appearance of the first inflorescence was similar in both branched and single-stem plants . The relative expression of meristem identity genes EOLFY, EOTFL1 and EOAP1 (mean ± standard error; n ≥ 3) in (B) branched plants and (C) single-stem plants. The relative mRNA levels were determined using qPCR and normalized using β-TUBULIN as internal control. The relative expression is reported as fold change.
(37 and 39 weeks after germination, respectively), the time required to reach their maximum floral score differed, being 5-6 weeks earlier for branched plants compared to singlestem plants ( Figure 3A) .
The timing of the appearance of inflorescences and the rise in floral percent score in the two sets of plants was paralleled by EOAP1 expression. The percentage of nodes in branched plants bearing inflorescences increased rapidly to a peak of ∼60%, 46-47 weeks after germination before declining equally rapidly over the following weeks. Over the same period, EOAP1 expression rose to a peak at 47 weeks and then decreased 10-fold by 51 weeks ( Figure 3B ).
In contrast, the percentage of nodes bearing inflorescences in single-stem plants remained below 15% for several weeks until there was a rapid increase to ∼60%, 52 weeks after germination. Expression of EOAP1 followed a similar course, not increasing appreciably during Weeks 37-47, but increasing to a peak after 52 weeks ( Figure 3C ). This was less than half the maximum expression of this gene in branched plants ( Figure 3B ).
The peaks of EOAP1 expression and inflorescence production in branched and single-stem plants corresponded to node positions 51-56 and 78, respectively; the branched plants elaborating nodes more slowly than the single-stem plants ( Figure 3A) .
In contrast to EOAP1, the expression levels of both EOLFY and EOTFL1 remained low at all tested developmental stages, and there was no expression peak detected for these two genes in either branched or single-stem plants. It should be noted that the mRNA level of EOLFY was higher than that of EOTFL1 at all times in both sets of plants ( Figure 3B and C).
Discussion
Manipulation of shoot architecture in E. occidentalis led to a more rapid maturation in vegetative characteristics in branched plants compared to single-stem plants (Jaya 2007) . However, while manipulation of shoot architecture did not change the time to onset of flowering, it did change the time to peak flowering such that branched plants reached peak flowering some 6 weeks earlier than single-stem plants. To determine if there was an equivalent relationship in the expression of key meristem identity genes, we isolated and analysed the expression of the E. occidentalis homologues of LFY, AP1 and TFL1.
The combined data obtained by BLAST searches against the GenBank database, multiple sequence comparison and the phylogenetic analysis suggests that the isolated gene fragments in E. occidentalis are most likely homologues of LFY/ FLO, AP1/SQUA and TFL1/CEN from Arabidopsis and Antirrhinum, respectively.
The presence of the floral meristem identity gene, LFY, has already been shown in Eucalyptus species by earlier workers (Southerton et al. 1998 , Dornelas et al. 2004 . Southerton et al. (1998) identified two LFY equivalents from the genomic DNA of E. globulus, one of which appeared to be a pseudogene as there was only one expressed gene copy. Our Southern blotting data showed that, in E. occidentalis, there was considerable difference in the intensity of the two detected bands, which could be due to differences in sequence homology between EOLFY and another EOLFY-related gene. Significantly, the qPCR melting curve analysis and agarose gel separation yielded only a single product, indicating that only one gene copy was expressed in the tissue types/developmental stages used in the current study. Kyozuka et al. (1997) detected the presence of the floral meristem identity gene AP1 in Eucalyptus species. In contrast to LFY, AP1 belongs to the family of MADS-box genes, many of which encode transcription factors regulating different aspects of flower development (Mandel et al. 1992) . The isolated EOAP1 in the present study contained the MADS-box domain and K-box domain that are involved in DNA binding and protein dimerization, respectively (Schwarz-Sommer et al. 1992 , Davies et al. 1996 . Kyozuka et al. (1997) suggested that EcoR1-digested genomic DNA yielded a single band when probed with the Eucalyptus AP1 homologue, EAP1-1, but two bands when probed with EAP1-2. With regard to EOAP1, the Southern blot results ( Figure S4C ) agree with those of Kyozuka et al. (1997) , showing a single band on the EcoR1-digested DNA blot using an EOAP1 fragment as the probe. Considering the results from this Southern analysis, the BLAST search, the multiple sequence alignment and the phylogeny, it is considered that EOAP1 is an AP1 homologue equivalent to AP1-1 of E. globulus but not equivalent to the AP1-2 of E. globulus.
Collins and Campbell (2001) isolated three TFL1-like genes from Eucalyptus and stated that they showed a high level of identity with TFL1. More recently, Dornelas and Rodriguez (2005) reported the presence of TFL1 homologous expressed sequence tags in Eucalyptus spp. while data mining the FORESTS database. In our study, a partial homologue of TFL1 was isolated from E. occidentalis. The identity was confirmed by comparing the cDNA and the deduced amino acid sequences with known GenBank TFL1-like sequences. The Southern analysis revealed one strong and two very weak bands when hybridized with the EOTFL1 fragment, suggesting that one of the EOTFL1 family gene homologues was isolated from E. occidentalis.
To investigate the expression pattern of meristem identity genes between single-stem and branched plants during vegetative phase change and the floral transition, the mRNA levels of EOLFY, EOTFL1 and EOAP1 were quantified using qPCR. The central mechanism of the Arabidopsis and Antirrhinum model is that the positive regulators of floral meristem commitment, LFY or FLO (Weigel et al. 1992 ), act with AP1 or SQUA (Mandel et al. 1992 ) to promote the conversion of previously vegetative meristems to a floral state. TFL1 or CEN (Bradley et al. 1996) are postulated to act in opposition to this process and allow meristems to remain indeterminate, promoting an inflorescence state. All these genes are expressed strongly during inflorescence development in Arabidopsis, with the highest TFL1 expression in the centre of the shoot apex. In contrast, floral meristem genes are expressed at the highest levels on the periphery of the shoot apex (Bradley et al. 1997) .
The difference in the timing of expression peaks of the floral meristem identity gene EOAP1 in branched plants compared to single-stem plants (Figure 3) suggests that our shoot architecture manipulation technique delayed the peak expression of this floral identity gene in single-stem plants. This agrees with the expression of CsAP1 in Citrus, which was positively correlated with the propensity to flower , and with the expression of AP1 in other genera, e.g., Metrosideros (Sreekantan et al. 2004) , Vitis (Calonje et al. 2004) and Sophora (Song et al. 2008) . We also showed a quantitative relationship between expression levels of EOAP1 and flowering. The earlier more prolific flowering of branched plants was associated with greater expression of AP1, whereas the delayed onset to peak flowering in singlestem plants was associated with lower expression levels of AP1.
There was a positive correlation of the TFL1 homologue expression with juvenility in Citrus sinensis , with the juvenile plants having higher relative levels of expression of CsTFL1 than adult plants. However, in the present study with E. occidentalis, we found low levels of EOTFL1 expression in buds from both single-stem (showing juvenile leaf morphology) and branched plants (showing transitional morphological changes to an adult leaf phenology) (Jaya 2007) .
We note here that Pillitteri et al. (2004) suggested that the absolute amount of LFY and TFL1 transcript accumulation is less important than the ratio of LFY/TFL1 in relating these levels of expression to meristem fate. A higher ratio is considered to result in a shortening of the vegetative phase and production of floral meristems in Arabidopsis (Ratcliffe et al. 1999) . However, in the current study, neither absolute levels of expression nor the expression ratio of EOLFY to EOTFL1 appeared to show any relationship to the flowering trends that we observed in the buds of single-stem and branched plants during the sampling period.
Conclusion
In conclusion, we suggest that further work is necessary to determine if there is any association between the consistently low TFL1 expression and precocious flowering in E. occidentalis. However, it is clear from the positive correlation between AP1 and flowering, in both single-stem and branched plants, that AP1 is an expression marker for flowering in this species.
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